INTRODUCTION
The use of acoustic emission (AE) signals for real-time structural integrity monitoring applications has long been sought. Developments over the last several years have gone far towards obtaining a better understanding of the AE process in actual structural components (Refs. l-5).
These include the development of a model consisting of a repeatable source of known type, a structure for which the propagation of transient elastic waves can be computed, sensors whose transfer characteristics are either known or can be determined experirnentally and the development of new signal processing algorithms for analyzing the detected signals.
The associated problem, sometimes called the "inverse source problem", has as its aim the characterization of a source in terms of its location in the structure, its type, specified in terms of force or moment tensor components, its spatial distribution, if the source is extended, and its temporal or dynamic characteristics.
This paper gives an overview of the work recently completed in our laboratory on aspects of this topic.
THEORY AND WAVEFORM PROCESSING
The displacement signals uk detected at a receiver location, x) in a structure from an arbitrary source f(x',t) located at x' having source volume V°can be written as Uk = I fj(x',t) * Gjk(X/X',t) dV
(1) oVwhere the term Gjk represents the Green's function of the structure. Insight into this formulation can be "obtained if one makes a Taylor series expansion of the Green's function about the source point, _', located at, say 0, to give 
The second term in Eq. (2), representing the dipole contribution, can be rewritten in a similar fashion as u(kd)= { I x'i fj(x',t) dr' } * Gjk,i(x/0,t) Vo
The term, M.. , called the moment tensor of the source,can be used to represent any combination ot_Jdouble forces([_ef. 3) to model the source. Itcan be shown that the moment tensorcan be writteninterms of the crack'sdisplacementjump and itsarea in a material(Ref.
6). If each of the components of the moment tensor of the source have the same time dependence, then the spatialand temporal characteristics of the source are separable. Thus, the moment tensorcan be writtenas a product of the moment densitytensor,mij, and the and tile source-timefunction,S(t),
In recovering the characteristics of a dipolar source from the measured signals, u , one uses z knowledge of the Green's function G and inverts Eq. (#) to recover S(t) and the components m U . In the most complicated deformation processes and for an arbitrary crack orientation, all six Jcomponents of the moment density tensor may need to be evaluated.
As of now, this has not yet been done. Here we show the results obtained for several simpler cases.
The simplest case is that of a point source of known type for which only the temporal aspects of the source are to be recovered from the detected signals. [n that case, Eq. (3) can be rewritten as a simple convolution equation in time
This equation has been modified to include the transfer characteristics of a non-displacement transducer, whose response is band-limited.
Recovery of the source function, 5(t) , then involves two measurements, one of which is a calibration experiment using a known step excitation source applied at the source position. Examples of processing near-field and farfield signals from an axisymmetric source have been published previously (Refs. 7-9).
For the case described by Eq. (#) in which both the time-function and moment-density tensor components of a source are to be recovered, several processing algorithms have been developed.
One of these is based on an algebraic scheme in which the amplitudes of particular ray arrivals in the detected signals are directly related to the amplitudes of the Green's function (Ref. 10). Once these are determined, the source time-function can be recovered as before.
The problems related to this scheme result principally from the amplitude measurement precision required of specific features on a waveform. This solution is used, in turn, to evaluate a new set of moment tensor amplitudes, and so on. The iteration process is continued until the results obtained in the iterations converge to a final answer. The procedure appears to be initial guess dependent and it may also converge slowly for certain configurations of the source moment tensor. It has been found that an appropriate initial guess for the double-iterative scheme can be obtained by making use of the results obtained from the algebraic processing scheme. here.
RESULTS

Demonstration
An alternative approach for recovering the ratios of the moment tensor components involves measurement of the radiated field of the AE signal from the source. The radiated amplitude measured at a distance R from a dipolar source, can be written in terms of the displacement amplitude) Uz) and this is expected to be of the form Uz(R,t)= al(t)+ a2(t)cos2 0
where 8 is the orientationof the normal to the crack. For a singlehorizontaldipolesource, alignedparallelto the crack normal) the term al(t)is expected to be near zero. For threedipolecrack model, il;s value isexpected to be approximately 0.28. Eq. (7)can be rewritten to account for an arbitrary crack orientationrelativeto the sensor array Uz(R ,t)=al(t)+a2(t)cos 2(8-Oc) (8) where Oc isthe orientationof the normal of the crack relativeto the orientationof the sensor array.
By a proper choice of angular distribution of sensors around the indenter, an eight-channel AE system is adequate to determine the field characteristics of the indentation-generated cracks.
Each channel of the entire system was calibrated simultaneously by breaking a glass capillary 0.05 mm in diameter a% the crack position on the specimen. The result was an axisymmetric step excitation source. The amplitudes of both the first P-and S-wave arrivals were measured.
The corresponding amplitudes in the crack-generated signals were normalized with the calibration amplitudes.
The result obtained after one indentation is shown in Figure 5 . The solid and dashed lines correspond to the results produced from a non=linear least-square fit of Eq. (8) to the measured data.
From the curve fit) the parameters of the radiated field can be extracted.
Once these are.known, the measured amplitudes at each transducer can be re_lected across the various symmetry planes to generate image data points with the results obtained shown in Figure 6 . Inspection of the amplitude ratio al/a 9 shows that the tensile cracks produced by the conical indenter are best modelled as'regulting principally from a single horizontal dipole.
The orientation of the crack, relative to the array configuration, is recovered immediately when Eq. (8) is fit to the amplitude data.
The difference between the observed and recovered crack orientation angle from seven indentations was always less than 6°and on average less than 3°.
The radiated field of the signals emitted from lateral vent unloading cracks was also measured.
It was found that the formation of multiple cracks results in a radiated field which radiate more uniformly in all directions and clearly, the radiation does not resemble that of a single crack.
It is possible
to process an epicentral displacement signal with the double-iterative processing scheme to recover the individual magnitudes of the moment tensor as well as their time function. Figure 7 shows the recovered source time function for an incientation crack.
EXTENDED SOURCE
Both the forward and inverse problems of the extended source have been solved using synthetic data.
A series of examples dealing vcith two source types and several linear distributions on the surface or through the interior of a plate specimen have been computed (Ref.
13). In Figure 8 (a) is shown the case of a distribution of horizontal dipole sources, extending to 0.75h into the interior of the plate and whose time function was a Heaviside step function.
It has been proposed that such a source may be used to model the interaction of intense synchrotron=generated pulses of x=rays striking a specimen and penetrating into its interior (Refs. 14-15). Figure 8 (b) shows a comparison between the signal from a single dipole very close to the top surface of the specimen and the signal synthesized from forty source points whose strength distribution along the z=axis was given by e =0._z. 
